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Description 

ELECTROMAGNETIC SHIELDING MATERIAL HAVING 
CARBONNANOTUBE AND METAL AS ELECTRICAL 

CONDUCTOR 

Technical Field 

[1] The present invention relates to an electromagnetic shielding material; more par- 

ticularly to an electromagnetic shielding material with enhanced electromagnetic 
shielding effectiveness by employing a carbon nanotube and a metal powder therein as 
an electrical oondirtor. 

Background Art 

[2] Electromagnetic waves can cause malfunctions in some electronic devices. More 

importantly negative influence on the health of human beings is also suspected. 
Therefore, most of countries regulate an electromagnetic interference and resistance 
aooording to an international standard, i.e., an International Spedal Committee on 
Radio Interference (dSPR) of an Intemational Electrotechnical Commission (lEC) 
and an Electromagnetic Compatibility (EMC). Therefore, in order to sell various 
electronic devices, the electronic devices should meet the regulation for the elec- 
tromagnetic waves. 

[3] To protect the electronic devices and rooms interiors from the electromagnetic 

waves, an electromagnetic shielding material is mainly used. The electromagnetic 
material for the aforementioned purpose should possess good electric conductivity to 
minimize the penetration of the electromagnetic waves into the material and low 
magnetic permeability to convert magnetic energy into heat. 

[4] The prior art electromagnetic shielding material is typically manufactured by 

dispersing a metal powder or a carbon nanotube with high electrical conductivity into a 
polymer such as silicon rubber, polyurethane, polycarbonate and epoxy resin, wherein 
a volume percent of the metal powder or the carbon nanotube is higher than 30 %. 
Herein, the metal powder uses mainly a silver powder or a silver-coated copper 
powder which has high electrical conductivity. When the silver powder over 30 
volume % is dispersed into the polymer, it is possible to obtain the electromagnetic 
shielding material having a volume resistivity less than 0.01 ohm-cm and an elec- 
tromagnetic shielding effectiveness of about SO dB. 

[S] In recent years, however, there is still required for the electromagnetic shielding 
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material having much more enhanced volume resistivity and electromagnetic shielding 
effectiveness, to meet the rigid regulation of the electromagnetic shielding in- 
terference. To solve the above problem, lots of metal powders such as silver powders 
are dispersed into the polymer. However, as metal powders are dispersed more and 
more into the polymer, mechanical property such as impact strength becomes de- 
teriorated while the electromagnetic shielding effectiveness becomes enhanced. Thus, 
it is difficult to manufacture the electromagnetic shielding material stably when large 
amount of the metal powder is dispersed in the polymer. 

Meanwhile, since the carbon nanotube has been develop)ed by S. lijma, disclosed in 
Nature \bl. 354, page 56, published in 1991, various researches for the carbon 
nanotube has been advanced up to date. The carbon nanotube has advantageous merits 
as foUowings in comparison with the other conventional materials; it has high elastic 
coefficient ranging from about 1.0 HPa to about 1.8 HP^; it has an enhanced heat resistant 
property to endure at 2,800 in vacuum state; its heat conductivity is two times to 
that of a diamond; and its current transferring capability is about 1,000 times to that of 
copper. Therefore, the carbon nanotube is widely applied to a nano-scaled electric/ 
electronic device, a nano-sensor, a photoelectric device and a high-functional 
composite. In case of applying the carbon nanotube to the electromagnetic shielding, it 
is possible to obtain the electromagnetic shielding material with low volume resistivity 
like a semiconductor in case of dispersing the carbon nanotube beyond 0.04 volume % 
into the polymer, because small amount of the carbon nanotube renders a conductive 
network formed in the polymer. 

However, the prior art electromagnetic shielding material has a shortcoming that it 
is difficult to obtain a desired electromagnetic shielding effectiveness. That is, though 
there are much more carbon nanotube dispersed into the polymer, the electromagnetic 
shielding material shows relatively high volume resistivity, i.e., about 10 ohn>cm and 
poor shielding effectiveness. Moreover, it is hard to disperse even small amount of the 
carbon nanotube into the polymer so that there is a limitation to apply it to the elec- 
tromagnetic shielding material. 

Disclosure of Invention 

It is, therefore, an object of the present invention to provide an electromagnetic 
shielding material with an enhanced property by emplojring a carbon nanotube and a 
metal powder as an electrical conductor. 

In aocordance with the present invention, there is provided an electromagnetic 
shielding material comprising: a polymer resin for a matrix; and a conductive filler 
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including a caibon nanotube and a metal. 

Brief Description of tiie Drawings 

Other objects and aspects of the invention will become apparent from the following 
description of the embodiments with reference to the aooompanying drawings, in 
which: 

Fig. 1 is a schematic conceptual scheme setting forth composition of an eleo- 
tromagnetk: shielding material in aooordance with a preferred embodiment of the 
present invention; and 

Fig. 2 is a perspective view illustrating an apparatus for measuring surfa[:e re- 
sistivity of the electromagnetic shielding material in aooordance with the present 
invention. 

Best Mode for Carrying Out the Invention 

Hereinafter, an electromagnetic shielding material in acxxirdance with a preferred 
embodiment of the present invention will be described in detail with reference to the 
aooompanying drawings. 

Fig. 1 shows a composite of the electromagnetic shielding material in aooordance 
with the present invention. 

Referring to Fig. 1, the inventive electromagnetic shielding material includes a 
matrix of a polymer resin 103 and a oondu:tive filler having a metal powder 102 and a 
carbon nanotube 101. Herein, a volume percent of the carbon nanotube ranges from 
about 0.2 % to about 10 % and the metal powder is dispersed in the polymer resin 103 
with a volume percent in a range of about 7.0 % to about 30 %. In this case, it is noted 
that a total volume percent of the conductive filler should be in the range of about 7.2 
% to about 40 %. 

To begin with, polymer which can compound the caibon nanotube 101 and the 
metal powder 102 can be used for the polymer resin 103 regardless of its molecular 
weight, density, molecular structure and functional group. For instance, the polymer 
resin 103 may employ a general-purpose polymer such as silicon mbber, polyurethane, 
polycarbonate, polyacetate, polymethyl methacrylate, polyvinyl alcohol, Acrylonitrile- 
Butadiene-Styrene terpolymer (ABS) or the Uke. In addition, functional thermosetting 
resin such as epoxy, polyimide or the Uke may also be utilized for the polymer resin 
103. Furthermore, polymer material obtained through blending of the aforementioned 
polymers can also be used for the polymer resin 103. However, in case of requiring 
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high thermal resistance and high resistance against mechanical impact strength, silicon 
rubber or poly-urethane is more adequate for the polymer resin 103. 
[18] In general, the carbon nanotube 101 is manufactured by a predetermined method 

selected from the group consisting of a chemical vapor deposition, an arc discharge, a 
plasma torch and an ion impact, wherein the carbon nanotube has a single-walled 
nanotube (SWNT) or a multi-walled nanotube (MWNT). Typically, in order to 
enhance a dispersion property of the carbon nanotube 101 in the polymer resin 103, a 
predetermined process should be carried out such as a refining process by add or a 
reforming process by fluorine gas. But, in the present invention, the carbon nanotube 
101 can be utilized for the conductive filler without carrying out the refining process or 
the reforming process. 

[ 1 9] From the result of a Fourier Transform Infrared (FT-IR) spectroscopy, it is 

understood that the carbon nanotube 101 of the present invention is preferably selected 
from the group consisting of a nanotube having a phenyl<arbonyl C-C stretch bonding 
peak existing between about 1,300 cm'" and about 1,100 cm\ a nanotube having a 
phenyl^arbonyl C-C stretch bonding peak existing between about 1,300 cm and 
about 1,100 cm\ a carbonic C-C stretch bonding peak existing between about 1,570 
cm'^ and about 1,430 cm"^ and a carboxylic C=0 stretch vibration peak existing at 
about 1,650 an"', a nanotube having a phenyl-carbonyl C-C stretch bonding peak 
existing between about 1,300 cm'^ and about 1,100 cm ', a carboxyl C=0 stretch 
vibration peak existing at about 1,650 cm ' and an -OH bonding peak existing at about 
3,550 an"', a nanotube having a C-F bonding peak existing at about 1,250 cm' and a 
combination thereof. In case of not using the carbon nanotube aforementioned, the 
dispersion property and the electrical conductivity of the carbon nanotube may be de- 
teriorated so as to have a bad effect on an electromagnetic shielding effectiveness. 
Furthermore, in this case, the carbon nanotube has a bad interaction between the metal 
powders 102 so that the electromagnetic shielding effectiveness may become poor. 

[20] In the present invention, the carbon nanotube 101 has at least 0.2 volume % with 

respect to the whole composite. Preferably, the volume percent of the carbon nanotube 
should be in the range of about 0.2 % to about 10 %. Provided that the volume percent 
of the carbon nanotube is lower than about 0.2 %, the interaction between the carbon 
nanotube 101 and the powder metal 102 is too bad so that the electromagnetic 
shielding material does not have a desired electrical conductivity. On the other hand, if 
the volume percent of the carbon nanotube 101 is higher than about 10%, the electrical 
conductivity can be increased but the dispersion property may be worsened, whereby it 
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has a difficulty for milling and forming the electromagnetic shielding material. 
[21] The metal powder 102 for use in the present invention may employ a conventional 

metal powder such as a silver powder, silver-coated copper or the like. However, a 
predetermined conductive fiber can be used instead of the metal powder 102, e.g., a 
steel fiber, a copper fiber, an aluminum fiber, a nickel fiber and so forth. Herein, the 
metal powder 102 has such a characteristic that the electrical conductivity should be 
higher than about 10^ S/cm and the volume percent should be higher than about 7.0 %. 
If the volume percent of the metal powder 102 is lower than about 7.0 %, the electrical 
conductivity may be decreased and the electromagnetic shielding effectiveness may be 
deteriorated because there is not enough percolation by means of the interaction 
between the metal powder 102 and the carbon nanotube 101. Therefore, in the present 
invention, the volume percent of the metal powder 102 should be preferably in the 
range of about 7.0 % to about 30 % in consideration of high mechanical shock 
resistance of the polymer resin 103, a density of the electromagnetic shielding material 
and foimability. 

[22] The inventive electromagnetic shielding material may fiirther include a positive 

ionic dispersing agent, a negative ionic dispersing agent or a non4onic dispersing 
agent for achieving an enhanced dispersion property. In addition, if necessary, there is 
introduced a silane-coupling agent such as an epoxy, carboxyl, amine or the like and a 
compatibilizer which may be required in case of blending at least two kinds of polymer 
resin. 

[23] A method for manufacturing the electromagnetic shielding material in accordance 

with the present invention will be described hereinafter. 

[24] The method for manufacturing the inventive electromagnetic shielding material 

begins with preparing a raw material, i.e., the carbon nanotube 101, the metal powder 
102 and the polymer resin 103. Thereafter, the raw material is mixed in a mixer such 
as a Henshel mixer, a Lodige mixer, a homgenizer or the like. Subsequentiy, a mixture 
of the carbon nanotube 101, the metal powder 102 and the polymer epoxy 103 are 
melted and kneaded by means of a two roll mill or a kneader and then the kneaded 
mixture is cooled to thereby obtain the electromagnetic shielding material. Herein, to 
facilitate the mixing process, a solvent which can dissolve the polymer resin 103 may 
be utilized such as methyl ethyl ketone, alcohol, isoprophyl alcohol, toluene or a 
combination thereof. It is noted that the solvent should not exist in a final product, i.e., 
the electromagnetb shielding material. Thus, the solvent remaining in the product 
should be removed during a predetermined manufacturing process. By using the 
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solvent, it is possible to manufacture the electromagnetic shielding material with 
various sh^es such as a bulk type, a coating type and a spray type. 

[25] An experimental result and an example for the present invention will be set forth in 

detail with reference to the amompanying tables 1 to 3. 

[26] In table 1, there is shown a volume resistivity and an electromagnetic shielding 

ef&iency measured in the experimrat. Specimens used in the experiment are provided 
by following steps. To begin with, after weighting each material described in table 1, 
polyurethane is dispersed in methyl ethyl ketone solvent, wherein a volume ratio of the 
polyurethane and the methyl ethyl ketone is 1 to 6. Subsequently, a predetermined 
amount of the carbon nanotube is stirred for about 30 minutes with nitric add diluted 
with a mixing ratio of 1 to 3 and an aqueous solution with 25 wt % of sulfuric add and 
then add aqueous solution is removed. The carbon nanotube and a silver powder are 
added into a solution mixed with polyurethane and methyl ethyl ketone. Thereafter, a 
solution mixed with the polyurethane, the carbon nanotube, the silver powder and the 
methyl ethyl ketone is stirred and is ultrasonically treated- Then, after the methyl ethyl 
ketone solvent is removed, the two roll mill process is carried out to thereby obtain a 
conductive composite. 

[27] Table 1 





Specimen 
#1 


Spedmen 
#2 


Spedmra 
#3 


Spedmen 
#4 


Iblyurethane (\bl.%) 


92.8 


91.8 


89.8 


89.4 


Carbon nanotube (\bl.%) 


0.2 


0.2 


0.2 


0.6 


Silver powder (\bl.%) 


7.0 


8.0 


10.0 


10.0 


\blume resistivity (10 ohm- 
cm) 


385.8 


165.5 


80.3 


36.2 


Electromagnetic shielding ef- 
fectiveness (dB) 


39.4 


49.0 


55.3 


63.4 



[28] 

[29] Herein, the volume resistivity is measured by means of measuring apparatus, e.g., 

MII^G-835288™ which is depicted in Fig. 2 and an ohmmeter for measuring low 
resistance, e.g., 3,450 mQ Hi-tester . The detail description for the MIL-G-835288 
will be illustrated later. Each spedmen #1 to #4 is provided with a shape having a 
rectangular parallelepiped of 25.4 mmx35.0 mmxO.5 mm. To find out volume re- 
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sistivity, first of all, a surfa:e resistivity (Q/squaie) is measured and then the surface 
resistivity is oonverted to the volume resistivity (ohm-cm). 

Referring to Fig. 2, there is shown a perspective view setting forth the MIL- 
G-83S288 apparatus for measuring the surface resistivity. 

In Fig. 2, input/output terminals of an extemal measuring apparatus 201 are 
connected with a 4-tenninal measuring probe having an insulator 202 and a silver 
plated brass 203. Beneath the probe, there is disposed a gasket sample 204, i.e., a 
specimen. Herein, it is possible to measure the surface resistivity in case that the 
specimen has a predetermined size over than 1.4 inchesx 1 inch. The measured data is 
displayed at a liquid crystal display (LCD). Finally, the surface resistivity is multiplied 
by a thickness of the specimen to thereby evaluate the volume resistivity. 

Meanwhile, the electromagnetic shielding effectiveness can be measured within the 
range of about 50 Wk to about 6 by using a network analyzer, e.g., Agilent 
8722ESTM, amording to an ASTM D4935-89 specification and a 2-port flanged 
coaxial holder, wherein the specimen used in the experiment has a diameter of about 
133.0 mm. The shielding effectiveness is evaluated by using S21 parameter after 
measuring an s-parameter and a return loss is evaluated by using S 1 1 parameter. 
Herein, S21 parameter means a transmission amount of an incident electromagnetic 
wave and is used for estimating the electromagnetic shielding effectiveness. 

Referring to table 1, in the electromagnetic shielding material of each specimen, the 
volume percent of the carbon nanotube is increased from 0.2 % to 0.6 % and that of 
the silver powder is increased from 7.0 % to 10 %. From table 1, it is understood that 
the volume resistivity is decreased and the electromagnetic shielding effectiveness is 
increased if the volume percent of the carbon nanotube is higher than about 0.2 % and 
that of the silver powder is higher than about 7.0 %. 

Table 2 shows another experimental data of the volume resistivity and the shielding 
effectiveness for each specimen in case of dispersing the carbon nanotube in methyl 
ethyl ketone solution without any add treatment in aooordance with the present 
invention. In table 2, since a preparation of ea:h specimen is same to the preparation 
step described in the experiment of table 1, further description for the specimen will be 
omitted herein. 



Table 2 





Spedmen 


Spedmen 


Spedmen #7 


Spedmen #8 




#5 


#6 
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Iblyiiiethane(\bl.%) 


89.8 


89.4 


89.0 


78.0 


Carbon nanotube (\bl.%) 


0.2 


0.6 


1.0 


2.0 


Silver-coated oop- 
perpowder(\bl.%) 


10.0 


10.0 


10.0 


20. 


\blume rsisnvity(10 ohm- 
cm) 


120.7 


75.7 


35.4 


3.7 


Electromagnetic shielding 
efGdency (dB) 


51.2 


55.9 


63.7 


86.5 



[36] In oompaiison with the experimental result of table 1, the experiment of table 2 

employs the silver-ooated copper powder instead of the silver powder and the other ex- 
perimental conditions are similar to the experiment of table 1 . From tables 1 and 2, the 
inventive electromagnetic shielding material having a mixture of the carbon nanotube 
and the metal powder represents low volume resistivity and high shielding ef- 
fectiveness in case of employing the carbon nanotube and the metal powder beyond 
0.2 volume % and 7.0 volume %, respectively. 

[37] Referring to table 3, there are further another experimental data for specimens 

having one conduDtive filler or two conductive fillers in which each volume percent of 
the carbon nanotube and the metal powder is out of the range of the inventive elec- 
tromagnetic shielding material. 

[38] Table 3 





Specimen 
#9 


Specimen 
#10 


Specimen 
#11 


Specimen 
#12 


Specimen 
#13 


Silicon rubber 


98.0 


92.5 


85.0 


93.9 


70.0 


Carbon nanotube 


2.0 


7.5 


15.0 


0.1 


0 


Silver powder 


0 


0 


0 


6.0 


30.0 


\51. resistivity (10 ohm- 
cm) 


58.3 


0.783 


Cannot be 
fabricated 


32.2 


0.0365 


Electromagnetic shielding 
ef&iency (dB) 


0 


5 


0 


63 



[39] From table 3, if the electromagnetic shielding material constitutes with the silicon 

rubber and the carbon nanotube like the specimens #9 and #1 1, the volume resistivity 
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is very high and the shielding effectiveness is very low. Additionally, even though the 
electromagnetic shielding material has two conductive fillers of the carbon nanotube 
and the silver powder, it shows poor volume resistiAdty and shielding effectiveness in 
case that the volume percent of the carbon nanotube and that of the silver powder are 
below 0.2 % and beyond 30.0 %, respectively. In particular, if the electromagnetic 
shielding material is manufactured by using the carbon nanotube only, the ex- 
perimental data shows that the shielding effectiveness is extremely low. Moreover, 
provided that the carbon nanotube exceeds to about 10 volume %, e.g., IS volume % 
like the specimen #1 1, the dispersion property is too deteriorated so that it is 
impossible to fabricate the electromagnetic shielding material. Even though the elec- 
tromagnetic shielding material shows good shielding effectiveness in case of filling the 
silver powder more than 30 % in the silicon rubber, it is difficult to obtain the elec- 
tromagnetic shielding material with high mechanical shock resistance, light-weight 
material and cost-effective material comparing with the present invention. 

[40] As described already, since the present invention employs two conductive fillers 

concurrently, i.e., the carbon nanotube and the metal powder, it is possible to obtain 
the electromagnetic shielding material with an enhanced shielding effectiveness and a 
physical/mechanical property. That is, the metal powder 102 in the polymer resin 103 
is relatively small in comparison with the prior art electromagnetk: shielding material 
so that the large amount of the polymer resin 103 provides good mechanical property, 
i.e., high resistance against the mechanical shock. In addition, the present invention 
provides an advantageous merit that small amount of the metal powder makes a manu^ 
facturing cost reduced and the weight of the shielding material lightened. Furthermore, 
the inventive electromagnetic shielding material has another advantage that it has an 
enhanced property for heat radiation because the carbon nanotube and the metal 
powder have good electrical conductiAdty. 

[41] The present application contains subject matter related to the Korean patent ap- 

plkation No. KR 2003-72074, filled in the Korean Patent Office on October 16, 2003, 
the entire contents of which being incorporated herein by reference. 

[42] Although the preferred embodiments of the invention have been disclosed for il- 

lustrative purposes, those skilled in the art will appreciate that various modifications, 
additions and substitutions are possible, without departing from the scope and spirit of 
the invention as disclosed in the aocompanying claims. 



[43] 



